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Tom tit. May quét laser mat dat (TLS) ung dung trong cong tdc quan
tric chuyén dich ngang céng trinh nha cao tang la mét phwong phdp méi
trong linh vuc trdc dia cong trinh ¢ Viét Nam. So véi GNSS va cdc thiét bi
truyén thong khdc (toan dac dién tir, thuy chuan), TLS c6 nhiéu wu diém
vieot tréi nhu thoi gian quét, mat dé diém rdt 1én va dé chinh xdc cao. Bai
bdo nay nham ddanh gid kha néng ctia TLS trong céng tdc quan trdc chuyén
dich ngang céng trinh nha cao tang. Nghién ciru dwoc tién hanh tai téa nha
cao tang c6 do cao trén 50 m, chuyén dich ngang duge tao ra béi mét bang
ngam c6 thé di chuyén va duoc ddt trén néc nha. Trong thuc nghiém, bang
ngdm dwogc quét & ba vi tri khdc nhau tuong wng voi ba chu ky do véi hai
chat liéu bé mat khdc nhau. Mdy quét Faro Focus®® X 130 (loai pha) va
Topcon GLS - 2000 (logi xung) dugc sir dung trong thuc nghiém nay. Dir
liéu quét 3D dugc xic Iy trén phdn mém Scence va Collage twong ung voi
hai loai mdy néu trén va phan mém Cloudcompare ding dé phan tich su
dich chuyén ciua dam mdy diém. Két qua phén tich chuyén dich ngang cua
céng trinh nha cao tang bang TLS chi ra rang, trong pham vi hep va dé cao
khéong qud l6n (khoang 50 m) thi Faro Focus®® X 130 c6 wu diém vuot tréi
ca vé thoi gian (nhanh hon hai ldn) va mét @ diém quét (cao gdp bén ldan)
so vdi Topcon GLS - 2000. D6 chinh xdc xdc dinh dich chuyén ngang dat
dwoc boi Faro Focus®® X 130 la 1,5 mm va Topcon GLS - 2000 la 3 mm véi
bé mdt dd hoa. Péi véi bé mdt xi mang, dé chinh xdc nay giam xuéng 2 mm
va 7 mm tuong ung voi hai loai mdy néu trén. Tuy nhién, may Topcon G,
- 2000 dwoc trang bi bo dinh tdm cho phep bo qua thao tdac dinh hudéng n
hinh ciing nhu trdnh dwoc nguén sai sé nay. Cdc két qua da chimg
rang hoan toan cé thé sic dung mdy quét laser trong céng tdc quan
chuyén dich ngang cong trinh nha cao tang ¢ nudc ta. >
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1. PAT VAN DE

uan tric chuyén dich bién dang cong trinh n6i chung va quap tric Ch
dich ngang cong trinh nha cao tang la mot nhi€ém vu quan trong v3 Cand
thue hién thuomg xuyén nham bao dam an toan cho cong trinh, C6

nguyén nhan gay ra chuyén dich va bién dang cua cong trinh nha ¢
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bao gdm: céu tric cong trinh, thay ddi cua tu nhién khong thé du bao nhy don
do tai trong ctia cong trinh. Cho dén nay, cong nghé dinh vi vé tinh GNSS v4 ca
phap truyén thong khac nhu méy toan dac dién ti, mdy thuy chuan 13 nhimg thig b
dugc sur dung rong rdi cho cong tac nay. Tuy nhién han ché Ién nhét cia nhimg Phucn!
phép dang ton tai la chi cho phép quan tric tung diém rleng lé véi s6 luong diém hin
han ma khong thé hién dugc diy du va chinh xac chuyén dich va bién dang céng trigp
Nguoc lai, quét laser mat dat (Terrestrial Laser Scanning - TLS) cho phép phan tich
chuyén dich cua ca bé mat dbi tuong thong qua hang triéu diém do (con dugc bit |
ddm may diém). Trong cong nghé TLS, chuyén dich cua dbi tuong quan tric duge phén
tich thong qua su chuyén dich cua hai dam may diém tai hai chu kY quan tric. iy vin
la méau chdt cua cong nghé TLS trong quan tric bién dang va chuyén dich cOng trinh
nhung dong thoi ciing 1a mét thach thiec trong viéc phan tich va xur 1y dir liéu dam may
diém. Hién nay, hai thuat toan phé bién cho phép xdc dinh su thay doi cia dam may
diém 1a kiém dinh thong ké va phuong phap so sanh dugc trinh bay trong nghién cin
cta [18]. Phuong phéap kiém dinh thong ké chi cho phép xac dinh duogc hai dam mdy
diém c6 thay ddi hay khong nhung khong xéc dinh duge do 16m cua gia tri chuyén dich.
Phuong phap so sanh cho phép xac dinh d6 16n gia tri thay d6i giira hai ¢am may diém
thong qua gia tri d 1éch trung binh va d¢ léch chuin. Nhidu nghién ciru sir dung phuong
phap so sanh dé tinh khoang cach gitra hai dam may diém [8, 10, 19].

TLS da dugc chimg minh 12 mdt phuong phap wu viét trong cong tic quan trhc chuyén
dich va bién dang cong trinh. Gonzalez - Aguilera va cong su da nghlen ciru {mg dung
TLS & phan tich bién dang ctia ciu trac vat liéu trong phan tich két cau [3]. Thiét bi ndy
con duge ing dung trong quan tric bién dang cong trinh dudng ham [16], quan tric &P
thuy dién va thap truyén hinh [15). Trong quan tric chuyen dich bién dang cong mnhcao
tng, d chinh x4c cia TLS duoc so sanh voi mot sb thiét bi truyén thong khae duW o8
tich b(n [11]. Ngoai ra, Grazulis sir dung thiét bi nay trong phén tich chuye dic
cta 6ng khoi cao khoang 180 m [4]. D6 chinh xdc quét laser dat duge & m
50 sanh v&i méy toan dac do chinh x4c cao.

Chat lugng ciia dam may diém phu thude chi yéu vao dac diém °éu
cling nhu do chinh xé4c cua may quét. Hién nay, cac may quét laser ung
Iy cht yéu trong do khoang cach 1a nguyén Iy do xung va pha. Dénh
cua thiét bi quét loai xung va loai pha, Chow va cong su da tién hﬁnh
nay bing cach kiém dinh dya trén diém va mit phing [2]. Ngoai ra, hat
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m i quitl ErEc bién dang ciia him duge dé cdp trong [12). Trong linh virc
khio cb hoe, hai loai mdy ndy con duge so sénh bi San José Alonso [14]. Tuy nhién
irong quan trac bien dang cong trinh & nuGe ta con thiéu phan tich so sinh wu nhuge diém
cia hai loai thiét bi ke trén: Do d6, bai bdo nay nhim danh gid kha nang clia méay quét
Jaser trong c0ng téc quan tric chuyén dich ngang nha cao ting thong qua sy so sanh gitra
mdy do loai xung va pha. Thuc nghi¢m phan tich so sinh duoc thyc hign déi véi hai may
quét Faro Focus®P X130 va Topcon GLS - 2000.

CAu triic cua bai bdo duge chia thanh 4 phan. Phin 2 trinh bay nguyén Iy do co ban
clia hai loai may ‘qUét laser loai xung va loai pha va nguyén tic x4c dinh khoang céch giira
hai dim mdy diém theo phuong phép Cloud - to - Cloud. Thyc nghiém thu thap di lidu
duoc gioi thiéu & phan 3. Trong phén 4, két qua chuyén dich cua déi tugng quan trac thu
durge tir dit liéu TLS duoc phin tich va thao lugn. Céc két luan vé so sanh hai loai may
quét trong cOng tac quan trac chuyén dich cong trinh nha cao tang duge trinh bay trong
phan cubi cua bﬂéi bflO’ na)z. : ;

2. NGUYEN LY CUA MAY QUET LASER VA XAC PINH KHOANG CACH
GIUA HAI PAM MAY DIEM

2.1. Nguyén Iy do co ban caa quét laser mit dat loai xung va loai pha

Nguyén ly do khoang cich ciia may quét laser mat dét ciing twong tu nhu méy toan
dac dién tir khong guong la dua vao thoi gian va van téc lan truyén tin hiéu laser. Vi van
toc cua song laser c6 thé xac dinh nén do khoang thoi gian lan truyén tir khi anh sang phat
di dén khi n6 gdp vat phan xa va quay trg lai bd phén thu nhan anh sang sé tinh ra dugc
khoang cach. Phuong phép nay con dugc biét dén la phwong phap do théi gian. Hién nay,
may quét laser mat dit xac dinh thoi gian dua trén hai phuong phdp co ban la xung va
pha. Thong thuomg mdy do khoang cach loai pha cho phép dat duoc toc d6 luu trir dir liéu
rit cao (t6i mot triéu diém 3D trén gidy) nhung khoang cich ngén (nho hon 100 m).
Nguoc lai, hé thong do khoang cach loai xung cho phép do khoang cach xa (vi du 800 m)
nhung toc d6 luu trir dir liéu thz‘ip hon (thuéng < 50.000 diém trén gidy) (Vosselman and
Maas 2010). Phan tiép theo ctia muc nay sé gidi thiéu ngin gon vé nguyén ly cua hai loai
mdy quét nay.

a) Phuwong phdp xung

Phuong phép xung truée day duoc biét dén véi hé théng do khoang céch bing song
radio con dugc goi 1a radar (radio detection and ranging). Tur khi phat minh ra laser vao
cudi thap nién 1950 né cho phép xéac dinh bé mit phan xa v&i d6 phan giai vé géc va
khoang cich cao hon so voi song radio. Nguyén ly co ban cua céc hé théng sir dung nang
lwong séng dién tir dé do khodng cach 1a nhu nhau, chi khéc nhau & do chinh xdc va muc
dich sir dung. Tinh chét co ban cua song dién tir 1a van téc lan truyén cta né. Trong moi
trudmg da biét, dnh sang lan truyén voi van tée hitu han va khong doi. Do 6, do d9 tré
“Ua thdi gian (ciing nhu do thor gian) duge tinh bdi thoi gian lan truyén dnh sing 7 tir
e ——
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i dé ti khoang cach p:
) 5i bé mat phan xa va nguqc lai dé tinh ra
nguon phat ton : 4 et ¥
n2

Trong d

01 trug én song.
n 1a chiét sudt ciia moi trudong lan truyén song

a0 £ han khong hién tai dugce xdc dinh lac=
i4 tri van toc cua son dién tir trong ch 2 ¢ itis a% i ,
G';;ré Va? u;?éiu:éng gnh sang lan truyen trong Khong .k.hldtf" 'se c%tm:l hé‘sé
m/s. Py i !
ﬁ?‘gfhinh bing chi s6 phan xa. Chi s6 nay phu thugc vao nhiét do, ap suat v d9 am
i¢u :

cua khong khi.

Pdi véi xung sir dung trong may do khoang cach, hinh dang Xut}g va thoi gian Xung
lap Iaiollé nhimg dac diém quan trong can dugc xem xét. P§ rong cia Xung f» va d9 lén

. Je PN
 vén tbe song dién tir, 7 Ia khoang thoi gian lan truyén séng dién
6 ¢ la van toc - ’

cua xung theo thi gian 14 hai ddc tinh quan trong khi tim hiéu vé phwong phap do Jog
xung dugc miéu ta nhu trong Hinh 1.

&

Pie? e

J

Hinh 1. Dac tinh cua XUng va nguyén tdc do. Trong do Ip:
lon cua xung theo thei gian; trp: 56 lan lap lai xung;
Théng thuomg do rong cua xung la tp

van toc cia anh sang, va do lém cua xy

thuée khoang 0,3 m. Tir cong thire (1),

cach do 1000 m. Trong may do khoan

phuong phap x4c dinh th&i gian lan
don d6i véi nhidy tring (gaussian no
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do rong cua :
T. thoi gian d

truyén ctia xung. Saj sé khoang cach
ise) duge tinh bai cong thire [17]: 58

=3 ns trong ung véi khoang cac
ng theo thoi gian 1a =1 ns tuong
thoi gian tinh duocla 6,7 us tuong U
g cach loai Xung, thoi gian duge x4
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e
b) Phicong phip pha
Ngodi phuong phép xac dinh thai gian bai phuong phap Xung,
cia song dién tir ¢ thé xdc dir:h bai higu pha. Hi¢u pha (Ag) 13 45 1
phét ra va tin hiéu thu nhdn. DOi v6i tin hiu 1a song dign ti (song hinh sin), hiéu pha giira
hai song sinh ra dd tré thoi gian (1 = Ap/2m x Am/€) va khoang cach duoc tinh theo

cong thie (1). Nguyén tic do hiéu pha theo phuong phap diéu bién bién do va didu bién
hn s6 duge miéu ta trong Hinh 2.

thari gian lan truyén
éch pha giira tin hiéu

e
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Hinh 2. Nguyén ly do hiéu pha dwa trén bé diéu bién:
(@) Diéu bién bién a5 AM: (b) Diéu bién tdn sé FM
Sai s6 cua khoang cach duoc tinh [17]:
1A
Opopy = ——=2 3
r—AM 41 m ( )
trong 6 4,5, 1a chiéu dai buée séng cua bién do diéu bién (hoac ¢/fm)- Trong phuong phép

pha, s6 nguyén lan budc song khong duoc xac dinh con duge biét 1a sé nguyeén da tri va
dugc tinh boi [17]:

(RS L
Pmax-amM = E?,; = 2 4

Dé tinh dugc sb nguyén da tri, may quét s dung nhiéu tin sé khac nhau. Vi du,
hé thdng diéu bién bién dé vai hai tin sb (10 MHz va 150 MHz) va gia tri SNR=1000,
sai s6 khoang cach dat mic 5 mm va khoang céch gia la 15 m. Céc may thuong mai
dién hinh c6 thé quét véi toc do dit lidu tir 10 kHz t6i khoang 625 kHz va pham vi
hoat dong t6i da khoang 100 m.

2.2. Phwrong phap xic dinh khodng céch giira hai d4m may diém

Trong bai béo nay, phuong phap so sanh hai d4m may diém Cloud - to - Cloud (C20)
4p dung trong phin mém Cloud compare (CC) duge tém tit nhu sau. D6 dich chuyén cua
ddi twong quan tric gitra hai chu ky dugc tinh tryuc tiép bai su thay ddi vé toa d¢ cua hai
HaNGi, thang 11 - 2021 113
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d4m mdy diém twong Umg trong khong gian. Mot sb phuong phap da duge sit dung dé

tinh khoang cach gitra hai dam may diém co thé tim trong (7). Phuong phép so sanh

Point - to - Point (P2P) da dugc su dung rong rdi trong quan tréc dich chuyén khi 56
lugng diém quan tréc khong qué lon. Phuong phap nay con duoc biét dén la phuong
phap so sanh cap diém (point - wisecomparison). Ung dung phuong phap P2P trong
linh vue quan trac tai cdc mo khai thac dugc dé cap trong [9]. Péi voi cong nghé quét
laser mat dét, vi s6 luong diém thu duoc rét 16m (con dugc biét la ddm may diém) nén
phuong phap P2P néu (rén khéng phi hop dé ap dung, phuong phap C2C duoe dé xuat
sir dung trong truomg hop nay [6]. Uu diém cua phuong phap C2C la cho phép su
dung tryc tiép hai ddm may diém dé so sanh ma khong can phai tao bé mt mo hinh.
Phuong phap nay ap dung céu truc bat phan (octree) dé chia khong gian 3D, sau do6
khoang cach cua hai dam may diém duoe xé4c dinh dya vao diém gan nhét theo cong
thire tinh khoang céach Hausdorff. Noi dung cua phuong phap tinh khoang cach

Hausdorff c6 thé dugc tom tit nhu sau:
Gia sir hai dim may diém A = (@ - Gp}andB= 2 b,}, thi khoang cich
theo phuong phap Hausdorff (Huttenlocher etal. 1993) duoc dinh nghia la:
H(4,B) = max(h(4,B), h(B,A)) (5)
trong do
h(4,B) = max minlla = bl| (6)
va |||l 1a chudn cia A va B (vi du theo chuén Euclidean).
Ham h(A, B) duoc goi la khoang Hausdorff truc tiép tr A dén B. Phuong phéap nay
i bai ky thuat diém gan nhét lap lai

ciing dugc sur dung trong viéc khop dam may dié

(Iterative closest points - ICP) dugc dinh nghia boi [1].
Trong phan mém CC, r dung dé tinh khoang cach gitra

phuong phap C2C duogc su

hai dam may diém trong d6 mot dam may diém dugc coi la dam may diém goc
(referencecloud), dam may diém con lai 1a dam may diém dung dé so sanh
(comparedcloud). CC sé tinh khoang cach tu mai diém cua dam may diém dugc so
sanh véi diém tuong ung trén dam may diém géc. Khoang cach gitra hai dam may
diém duoc tinh theo cong thue Hausdorff nhu trong cong thire (5) va dugc miéu ta
nhu trong Hinh 3. Ngoai phuong phap C2C, khoang cach gitra hai ddm may diém con
¢6 thé tinh theo phuong phap Cloud - to - Mesh (C2M) [13] va day ciing 12 phuong
phép dugc su dung phd bién. Tuy nhién, trong phuong pha C2"l oc

thude on vao bé mat duge mé hinh hoa (thudng dung ng lué
canh TIN). Trong truomg hop bé mat quan trac phur > m{
khuét thi phuong phap C2M khong dam
khong dugc dé cap trong giéi han ndi d '
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Hinh 3. Khoang cach duoc tinh theo Hausdorff trong dé reference cloud va compared
cloud la ddam may diém goc va ddam may diém so sdnh lwong ung

3. THUC NGHIEM
Muc tiéu cua bai bao la so sanh uu nhuge diém vé thoi gian va do chinh xé4c cta hai

loai mdy quét laser (loai xung va loai pha) trong viéc xac dinh su dich chuyén ngang cua
cong trinh nha cao tang. Trong thuc nghiém, hai may Faro Focus®® X130 va may Topcon
GLS - 2000 dugc sir dung dé quét tai toanha C12 tﬁng ¢6 do cao 52 mét trong khudn vién
cua Truong Pai hoc Mo - Dia chét vao ngay 20 thang 3 nim 2021. (xem Hinh 5 (a)). Déi
tuong quét 1a tam bang vudng c6 kich thuée 60 x 60 cm duoc dat trén bé méc bing thép
¢6 thé di chuyén duoc trén thanh ray (xem Hinh 5 (b)). Su dich chuyén cua bang trén
thanh trurot ¢6 thé xac dinh chinh xac béng mot thudce thép duoc lép dit c6 dinh trén thanh
truot. Sai sé xac dinh céc gia tri chuyén dich nho (centimet) ciia bang do boi thude thép
c6 thé dat mirc 0.2 mm do sai sé wéc doc sb trén thuée thép. Vi thé gia tri nay duoc coi
la gia tri dich chuyén thuc va duoc ding dé so sanh v6i chuyén dich duoc tinh toan tir
dam may diém trong nghién ciru nay. Pé phat hién su dich chuyén ngang cua cong trinh,
thuc nghiém tién hanh di chuyén bang ngim va mdc trén thanh truot nim ngang theo
huéng tir médy t6i muc tiéu. My quét thuc hién do ba lan (ba chu ky) twong tng véi bang
ngam & vi tri 0 (chu ky 1), va sau d6 bang ngdm dugc di chuyén 10 mm va 20 mm tuong
tmg véi chu ki 2 va 3. Gia tri chuyén dich dugc xéc dinh tir ddm may diém bing phin
mém CC tinh theo phuong phép C2C nhu dd néu trong muyc 2.2. Hinh 4 dua ra mot vi du
vé xéc dinh dich chuyén ctia hai dam mdy diém tai gitta hai chu ky do. Gia trj dich chuyén
chinh 1a khoang cach giita hai ddm may diém dugc xac dinh bang khoang cach trung binh
va sai 6 dugc dic trumg boi do 1éch chudn.

—
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(a) (b)
Hinh 5. Mady quét Topcon GLS - 2000 (bén trdai), n’wiy quét Faro Focus3D X130 (bén
phdi) (a); Cdu tao ctia hé thong méc va thanh tricot (b)

Pé so sanh va danh gia do chinh xac cta hai may quét Faro Focus® X1 30 va Topeon
GLS - 2000, gia tri chuyén dich cta bang do dugc xac dinh tir ddm may diem duoc so
sanh véi gid tri chuyén dich thue cua né. Dya vao dic diém khac biét cua hai loai may |
quét néu trén ma cac danh gia duoc tién hanh véi su thay doi cuia cac yéu td bao gbdm mat
do diém quét, sai so dinh hudng mo hinh, va thoi gian quét nhu sau:

Déi véi anh hudng cua do phén giai (resolution) dén chét luong quét (scanquality),
thuc nghiém duoc tién hanh trong hai truong hop. Truong hop thir nhat, hai may quét
Faro Focus™ X130 va Topcon GLS - 2000 déu duoe cai dat do phan giai cao nhit

(veryhighresolution). Trong d6 méy Faro Focus™ X130 c6 46 phén giai cao hon hai lin
(1.5 mm tai khoang céch 10 m) so v&i (3,1 m

2000 (xem thong sb k¥ thuét cua hai may trén t

m tai khoang cach 10 m) cua may
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o i e g di¥ liéu khan i d i
Vai tro ciia cong ngh¢ do dac ban ap hl‘f:i;:I ja Iy quéc gia:

Focus™® X130 duoc dat d9 chinh xéc & mirc 4X con ma » ohé
46 tiéu chudn (Standard). b i L
Poiivan cinia }mcr{:g mo hinh, sai s6 dinh huéng mé hinh 14 do cong téc qué trinh dinh
huéng hai dim mdy diém trong cling mot hé toa do thong nhit. Nguyén nhan chinh cta sai
56 dinh hudng 216 hinh lzlddo viéc lwa chon céc diém cung tén trong ving chong pht ciia
hai dém mdy dicm. Céc diém cling tén thwong durge chon Iy 1a céc tiéu do (1a bang ngim
hodc tiéu cau) dé nang cao dg chinh xéc. Sai s6 trong viéc lua chon diém cung tén phy thudc
vao d§ phan giai cua mdy quét, kich thude tiéu do va khoang céch tir mdy téi tiéu do, ciing
nhu su nhat quan trong viée lva chon diém ¢ ca hai dém may diém. Theo nguyén ly quét
laser, ddm mdy diém tai mdi lan quét s& duoc xdc dinh trong hé toa d riéng ctia may quét.
Hai chu ky do khéc nhau, hai dam may diém s& khong trong cting mot hé toa d§. Do vy,
dé so sanh dugc sy dich chuyén cta hai dam méy diém thi thi tuc dinh huéng mé hinh Ia
bat bugc. Thu tuc nay dugc xay dung trong phan mém CC béi Ira chon Alignment. Do cdu
tao k},]éc nhau cua hai loai ma:iy quét dugc ma sai s6 dinh huéng mé hinh cling khac nhau.
Sai s0 dinh huéng mé hinh doi véi dir liu quét bang mdy quét Faro Focus™ X130 (khong
¢6 bo dinh tam) 1a sai 56 lwa chon céc diém ciing tén. Trong khi mdy Topcon GLS - 2000
(c6 b dinh tam laser) sai s6 nay lai do sai sé dinh tim mdy va sai s6 xic dinh diém dinh
hudng cua may (gém ¢6 ca sai s6 dinh tim tiéu). Pé xéc dinh dugc anh huong cua sai 50
dinh huéng mé hinh dén viéc so sanh hai d4m may diém, thuc nghiém tién hanh véi méy
Topcon GLS - 2000 duoc dat ¢b dinh tai mot diém trong ca ba chu ky quét va huéng "0"
ctia mdy khong thay doi. Truong hop nay khong c6 sai sé dinh huéng m hinh. Sau d6 tién
hanh dinh huéng mo hinh theo céch xac dinh cac diém cing tén & ca hai dam may diém.

Q) [F=20.000 ] [ams <10% ]
| A0 220164 130031 MBS 000194495
AL 19742 04378 93832 00013789¢  (x]
A2 2079 310424 -93,5969 00017833 [x)
A3 107848 -313034 -943791 000111575 (]

@] show reference’ doud

X ¥, Eo. Error

RO 4G 3304 ST 000194495 [X)
RL192719 4172 S40TR2  0o0uiTesd (%)
R2 23519 3% 4388 oooen (i)
RB 192643 9S4 4634 ooouss  (x]
7] adust scale Rotaton [z 002] @ITx @y @7

Hinh 6. Dinh hudng mo hinh dam mdy diém tai hai chu kp do bang phan mém
Cloudcompare. Vi du sai 56 dinh hieéng md hinh trong trieong hop ndy la RMS: 0,0016 m.
Ngoai cac yéu t duge phan tich, do hinh hinh hoc do khoang cach va géc ngudng, -
mau sic va vit liéu cua dbi trong quét ciing nhu mdi treong do deu c6 anh huong nhat
dinh dén chit lugng quét. Tuy nhién, anh hudng cua céc yéu t nay khong nam trong giéi
han cua bai béo. 3

—
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rién ha ting dir li¢u khong gian dja Iy :
Nghién cifu (Mg ‘;::3':::':0“",;.; o dycbin b hika dgi | TR

inh thong so ki thudt ciia may quéx

Y130 va Topcon GLS - 2000

Bang 1. S0
Faro Focus™

976000 (dién

D6 phan gidi 16n nhat
4. KET QUA VA THAO LUAN |
Pé so sanh hai loai médy quét laser nhu da néu trong phan 3, cac yéu to ¢6 anh by
dén d chinh xéc quét nhu mét 0 diém do va sai sO dinh huéng md hinh duoc khio g
g la mot yéu t6 quan trong dugc so sanh doi véi hai logi mdy

Ngoai ra, thoi gian do cun
quét néu trén.
4.1. Anh hwéng cia mit do diém quét dén do chinh xac
Muc tiéu cia phan nay la danh gid anh huong cua mat do diém quét dén do chinhxic
4 tir d6 co thé so sanh kha ning cta hai loai may quét theo ky thuat do xung va pha.

30 4 hﬂmmmnmmmhhmd-mgtummquamumu:

xéic dinh dé dich chuyén
2 1
20 4 *
'Eu . @09 léch trung binh
0 Chuyén dich thue
10 4
5
0
2800 diém 700 diém 00 diém 2800 diém i 700 8 =
Fero Topcon Faro Topcon
LA K 1sowa

Hinh 7. Anh hueong cia mdt d6 diém quét dén dé chinh xde so
Faro Focus®” X130 va Topcon GLS - 2

: Hinh 2 chi ra ring, mat do diém quét 1a yéu té c6 anh hu
khi 50 sdnh & ciing mt may quét (Faro Focus®® X130) trong :
118

Scanned with CamScanner



Nghién ciru émg dyng, phat trién ha ting a khé
Vai trd cia cong ngh¢ do dac :;: dhb ;;:‘;:Idh I¥ quée gia:
—

giam nhanh khi gidm mat 4§ diém duge thé higy h6ng qua hai gig tr g ke gbm do
Jich trung binh va dq: Iéc.:h chuin (standard deviation). Trong g6 do lech trung binh 13
hi¢u gitra gid tri chuyén dich trung binh cua g4, Ay diém va chuyén dich thue. D§ chinh

aro Focus™ X130 v4 To
i mat da 4 pcon GLS - 2000
la twong dwong nhau khi mat 46 diém quét nhu nhay, C4 e wiv ..

Sai s6 dinh huéng mé hinh 6 anh huén
chuyén cta hai ddm may diém (hay d6 dich
thye nghiém nay, sai s6 dinh huéng mg hj

g ding ke dén d6 chinh xac xdc dinh su dich
chuyén cua cong trinh) tir | - 3 mm. Trong

nh do sai sé bt tiéu do duoc gid1 han trong

] hm&udumuu& 83 chinh xhe xéc Bink sy dich chuyin

J e

W04 idch trung binh
5 O Chuydn dich thye

LT

s

o

oy

Hinh 8. 4np hieong cia sai 56 dinh hudng dén d¢ chinh xde xde dinh d6 dich chuyén

(trong d6 sai s6 dinh heéng nhé hon 5 mm)
0N0: g 119
HANGi, thang 11 _ 2057
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Nghién ciru img dung, phit trién ha ting dir li¢u khong giap g;
- Vai trd cia cong nghé do dac ban 4d hién d:id“ ly quée Rha:

4.3. Théni gian quét

Théi gian quét cia may Faro Focus™ X130 vé&i 4§ phan gidi cag nhé
1.5 mm tai khoang cach do 10 m) la khoang 14 phut, trong khj iy Tol (mongﬁng
giai cao nhit (3,1 mm tai khoang cach do 10 m) 1a khoang 12 phit. Néy ﬂ_v(,i & W
gidi cua mdy Faro Focus™ X130 tuong duong v6i méy Topeon GLg _ i gy 0
quét s& giam xudng con khoang 6 phat. Diéu nay phu hop ve; dic di(:OO thi lho,p"‘
nguyén 1y hoat dong cua hai loai may quét loai xung va pha da dige s cdy %mh
2.1, trong d6 may quét loai pha c6 uu thé hon vé toc d0 thu thap d i tic
Khac biét vé tbe d do ké trén cin phdi xem xét d6i v6i timg may quéy c:‘:hg @
méy Faro Focus® X130 va Topcon GLS - 2000 GLS - 200, téc d6 thy g3 ; ivm:
Faro Focus® X130 c6 thé cao hon may Topon khoang 8 14n néy dit ch é":]héu cﬁa%
nhét (xem trong Bang 1 - thong s6 kY thudt ctia may). Trong thyc 1§, né, cz
phén giai dé méat d¢ diém quét cua hai méay nay tuong duong nhau, th ;flat thig
Faro Focus’® X130 chi nhanh hon so vcn Topon khoang 2 1an trong thye nghio qUét
béo. Su so sanh & trén con dat trong béi‘cénh pham vi cua d; tuong quétzwah&
nghiém dugc gidi han (40° theo phuong nam ngang va 65° theo phuong thin Ng thy,
khoang céch tir méy dén dbi twong quét 1 khoang 60 m. 8 dimg)

5. KET LUAN

Bai bao nham muc dich so sanh kha nang cta hai loai may quét Jaser

S g mit dj
nguyén ly do khoang céch loai xung va pha trong cong tic quan tric chuyén dic:at‘heo
cong trinh. g

D

May Faro Focus®™ X130 ¢6 u thé hon so v&i may Topeon GLS - 2000 v
quét. Doi véi mot truong hop cu t!’lé thoi gian quét cua né chi bing mat ntra so véi miy
Topcon GLS - 2000 véi mat d6 diém quét tuong duwong nhau. Mt d0 cao nhit ¢6 thi dy
dugc bdi may Faro Focus® X130 ciing cao gip 4 14n khi so sanh véi may Topeon Gls-
2000. B chinh' xdc xdc dinh d6 chuyén dich ngang ctia may Faro Focus®® X130 néu st
dl_lI‘Ig che do chat lugng do chinh xac (quality) & mirc 4X va d6 phén giai (resolution) cao
nhét 1/1 nho hon 2 mm doi v6i d9 cao déi twong quét khoang 50 m va khoang céch i
may quét dén mat phén’g quét khoang 60 m. Trong khi do chinh xéc dat dugc b miy
T.o;pcon GLS - 2000 thap hon chi khoang 3,5 mm. Tuy nhién néu sir dung ciing mit i
diém quét thi d6 chinh x4c cua hai may nay 1a twong duong nhau.

 Béncanh 6, anh huong cia mat o didm quét va sai b dinh huong mé hish ot
Chlflh xdc xic dinh sy chuyén dich ngang cong trinh ciing dugc phan tich. Mt d) ds
quet 12 yeu to quyét dinh dén do chinh xéc cua déi tuong quét. Sai s md hinh Amd m

tH 1 r oy - or z L 2 . A
0 khic c6 anh huong trye tiép dén két qua danh gid do dich chuyén caa dbi tuong ®

éﬂlﬁi gian

- - A . ok AR i ' A
mfc' ,Do d6 can phai thiét ké tiéu do ca va kich thuéc va vi tri ciza n6 dé giam thict gt
sal sO nﬁy, :

__/
120 7 Nél,thm 11.203]
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hién ciru img dung, phat trién ha ting gg | .
Ne Vai trd ciia cdng nghé¢ g, dac t'i?n :?:fe:::idl‘ I¥ quée gia:
_—-‘-_‘———-______

Ngoai nhimg két ql{fl da dat dugc, gigi han chinh cua thye nghiém trong nghién ciru
ady 12 chiéu cao cua ddi tugng quét chua du 16m ¢é phi h

OP V&i quy mé cia c¢ong trinh
l -] 1 A A T
ha siéu cao tang hién nay. Ngoai ra, anh huémg cia d§ hinp, hinh hoc, vt ligu quét, va

mjt b yéu t0 khéc cia cong trinh nha cao ting chira duge dé cdp trong bai bio nay.

TAI LIEU THAM KHAO

[1]. Besl, P. J. and McKay, N. D. (1992
Sensor fusion IV: control paradigms and data
and Photonics.

[2]. Chow, J.; Lichti, D. and Teskey,

). Method for registration of 3 - D shapes.
structures, International Society for Optics

W. (2012). Accuracy assessment of the Faro

manage the territory, protect the environment, evaluate the cultural heritage, Rome, Italy 610.
[3]. Gonzilez - Aguilera, D.; Gémez - Lahoz, J. and Sanchez, J. (2008). A new

ams with a three - dimensional laser scanner.
sensors 8(9): 5866 - 5883.

[4]. Grazulis, Z.; Krikstaponis, B.; Neseckas, A.; Popovas, D.; Putrimas, R ; Slikas, D.
and Zigmantieng, E. (2017). The horizontal deformation analysis of high - rise buildings. |
Environmental Engineering. Proceedings of the International Conference on

Environmental Engineering. ICEE, Vilnius Gediminas Technical University, Department
of Construction Economics ..

[6]. Jafari, B.; Khaloo, A. and Lattanzi, D, (2017). Deformation tracking in 3D point
clouds via statistical sampling of direct cloud - to - cloud distances, Journal of
Nondestructive Evaluation 36(4): 1 - 10,

[7]. Lague, D.; Brodu, N. and Leroux, J. (2013). Accurate 3D comparison of complex
topography with terrestrial laser scanner: application to the Rangitikei canyon (NZ). ISPRS
Journal of photogrammetry and remote sensing 82: 10 - 26. 4

(8]. Lindenbergh, R. and Pfeifer, N. (2005). A statistical deformation analysis of two ‘
€Pochs of terrestrial laser data of a lock. Proceedings of the 7th Conference on Optical.

—-“_-___;
HANGL, thang 11 - 202

Scanned with CamScanner



ting dir li¢u khong gian q
Nghién ciro "";"':;m'dm: .:.; do dac bin db hi¢n dai

(9], Litte, M. (2006). Slop i iy PPRm
l I 1 . n

. : sium on stability of rock slopex : % :
Proceedings ofthi'! mlmm;inr:l ,:yf:‘c:l Institute of Mining and Mmz]elsu:;yopc" m
and civil engineering: 50 ; Hancock, G M. and Al « Mars -
W.; Roberts, G. W Manasir, g
(10). Mukupa,  terrestrial laser scanning application for chungs 10 (2017)_
review of the use ‘_) > tures. Survey review 49(353): 99 - 114 dﬂmlﬁn
deformation monitonng of struc { Knesiter, & OOk L v
(11]. Mustafin, M.; Valkov, Y an ; s p % ‘ 0.n1l0r'|ng o
esses in buildings and structures in metropolises. roc. 1a engineering |
pl.oc[IZ]. Nuttens, T.; De Wulf, A I'Jeﬂlytef, G Stal,-C., De Backer, 1.
(2012). Application of laser scam:nng for deformatlor.l measurements;: , g
between different types of scanning instruments. Proceedings ?f the FIG Wol'king Wee%
(13]. Oniga, V. and Chirila, C. (2013). Hausdorff distance for the gy k.
calculation between 3D surfaces. Journal of Geodesy and Cadastre RevCAD | 5 lggrf';“
[14]. San José Alonso, J.; Martinez Rubio, J.; Fernandez Martin, j. and Gm:?
Ferndndez. J. (2011). Comparing time - of - flight and phase - shift. The Survey of he , fa
Pantheon in the Basilica of San Isidoro (Leon). ISPRS Workshop “3D - ARCH. va
[15). Schneider, D. (2006). Terrestrial laser scanning for area based deform
analysis of towers and water dams. Proc. of 3rd IAG/12th FIG Symp., Baden, Austrig, MOn
[16]. Van Gosliga, R.; Lindenbergh, R. and Pfeifer, N. (2006). Deformation analy?irs.
of a bored tunnel by means of terrestrial laser scanning. na.
[17]. Vosselman, G. and Maas, H. - G. (2010). Airborne and terrestria] lasel'scamﬁng
CRC press.
(18]. Wujanz, D. (2016). Terrestrial laser scanning for geodetic deformatiop
monitoring. Technische Universitaet Berlin (Germany).
[19]. Wujanz, D.; Krueger, D. and Neitzel, F. (2013). Defo Scan++ surface based
registration of terrestrial laser scans for deformation monitoring. Proceedings of 2nd Joint

International Symposium on Deformation Measurement (JISDM), Nottingham.

| Wole

A
g

f defory, .
89. 729 y 736
and Schotle K.

122

Scanned with CamScanner



